A Tool for Geographic metadata exploration by Bertone, Alessio et al.
  
 
 
Technical Report 
N°15/2004 
 
 
 
 
 
 
 
 
A Tool for Geographic metadata exploration   
 
 
 
 
 
 
Alessio Bertone, 
Riccardo Albertoni, 
Monica De Martino 
 
 
 
Istituto per la Matematica Applicata e Tecnologie Informatiche 
CNR - Genova 
 2 
 
2 di 26 
 
 
Index 
1 Introduction.................................................................................................. 3 
2 Visual Data Mining ....................................................................................... 4 
3 Invisip Project .............................................................................................. 8 
4 Analyser...................................................................................................... 10 
5 VDM Tool .................................................................................................... 13 
5.1 VDM FOR METADATA EXPLORATION ..........................................................................13 
5.2 COMPONENTS  VDM MODULE...................................................................................15 
5.3 METADATA ANALYSIS ...............................................................................................18 
6 Case Study ................................................................................................. 20 
7 Bibliography............................................................................................... 25 
 
 3 
 
3 di 26 
1 Introduction 
In recent time there has been an explosive growth in our capabilities to both 
generate and collect geo-data; these advances have allowed to transform 
this data into "mountains" of stored data. Different repositories of 
geographical data are available on web. Geo-data are available in a lot of 
heterogeneous characteristics that can make it feasible to very different 
kind of analysis. 
Users who performs data acquisition usually does not have a complete 
knowledge about the data and their exploration goal can be vague. These 
volumes of data, the intrinsic geo-data heterogeneity, and vague goals 
compromise the results of the data acquisition task. 
At the moment the metadata concept is used to describe geo-data 
properties and the geodata search is performed by exploring their 
metadata. 
In this paper we describe a tool to support data selection activity based on 
visual analysis of geographic metadata. The aim is to assist the user in this 
metadata exploration. The tool is characterized by the integration of multi 
visualization techniques, interaction methods and data mining concepts. It 
is the result of a research activity performed inside the EU-funded project 
INVISIP: Information Visualization in Site Planning, IST-2000-29640. 
 
The report is organized as follows: an introduction about Visual Data Mining 
is given in Section 2; an overview of INVISIP project is described in section 
3. Then we describe some more technical aspects of the project (Section 
4), and provide the description of the tool (Section 5) and an illustrative 
example (Section 6). 
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2 Visual Data Mining 
Visual data mining is an emerging area in explorative and intelligent data 
analysis and mining which is based on the integration of concepts from 
computer graphics, visualisation methods, information visualisation, visual 
perception, cognitive psychology and 3D virtual reality systems. It includes 
a collection of interactive reflective methods that support exploration of data 
sets by dynamically adjusting parameters to see how they affect the 
information being presented. It offers the machine learning and data mining 
community powerful means of analysis that can assist in uncovering 
patterns and trends that are likely to be missed with other non-visual 
methods [Hand et al., 2001]. 
 
We can define the term Visual Data Mining as follows [Ankerst, 2001]: 
 
Visual Data Mining is a step in the KDD process that utilizes visualisation 
as a communication channel between the computer and the user to 
produce novel and interpretable patterns. 
 
Visual Data Mining aims at integrating the human in the data mining 
process and applying its abilities to the large data sets available in today’s 
computer systems. For this purpose techniques which provide a good 
overview of the data and use the possibilities of visual representation for 
displaying large amounts of multidimensional data are especially important. 
These visualisation techniques are used in the process of hypotheses 
generation, where the user is guided by the visual feedback of the 
visualisations and quickly learns more about the properties of data in the 
database [Keim et al., 1996a]. 
 
Because of the fast technological development in the last years, the 
amount of information that has to be processed for making decisions 
increases very fast. Often the automatic searching and analysing of data 
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performed by computers does not find satisfactory solutions and therefore it 
is preferable to include the human in the data mining process and combine 
the flexibility, creativity and knowledge of a person with the huge storage 
capacity and computational power of the computers. Human ability of 
perception enables the user to analyse complex events in a short time 
interval, recognize important patterns and make decisions much more 
effectively than any computer can do. But in order to achieve this, the user 
must have the data presented in a logical way with a good overview of all 
information. For this purpose the techniques which provide a good 
representation or visualisation of data are becoming more and more 
important.  
 
How can visualisation techniques be included in the process of knowledge 
discovery in databases (KDD) or more particularly, in data mining? 
Typically, the user first specifies some parameters to restrict the search 
space, then data mining is performed automatically by an algorithm and 
finally the resulting patterns are presented to the user on the screen in a 
visualised form. Thus visualisation serves as a post-processing step 
between the user and the computer that brings the knowledge to the user. 
Alternatively this step can be included into the procedure before the data is 
processed or even at some intermediate point during data processing. In all 
cases the user is integrated more tightly in the whole KDD process, which 
results in a significant improvement in the knowledge gained through the 
KDD process. The quality of the resulting patterns recognized by a person 
increases when compared with computer recognized ones. The person can 
also provide domain knowledge to effectively constrain the search of the 
algorithm. Due to his active involvement the user has a deeper 
understanding of the resulting patterns and trusts the results more than 
when they are produced by computer only. A major advantage of 
visualisation techniques over other automatic data mining techniques (such 
as statistics, machine learning, artificial intelligence, etc.) is that 
visualisations allows a direct interaction with the user and provide an 
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immediate feedback as well as user steering which is difficult to achieve in 
non-visual approaches. Recent research has proved that a suitable 
visualisation reduces the time to get information and to make sense out of 
it. Moreover by allowing dynamic user control of the visual information 
through direct manipulation principles, it is possible to traverse large 
information spaces and facilitate comprehension. Therefore the information 
visualisation techniques are very useful for data mining, especially as a 
support for post-processing activities, necessary to fully understand the 
applications of data mining application. Information visualisation can on the 
other hand be considered as a data mining technique in itself, which may 
allow user to discover new and useful properties [Buono, 2001]. 
 
Based on the balance and sequence of the automatic and the interactive 
(visual) part in the KDD process, [Ankerst, 2001] proposes the following 
classification of the existing approaches of Visual Data Mining: 
- visualisation of the data mining result (Figure 1a) 
An algorithm performs the data mining task by extracting patterns, which 
are then visualized to make them interpretable. Based on the result of the 
visualisation, the user can rerun the data mining process with different 
parameters.  
- visualisation of an intermediate result (Error! Reference source not 
found.b) 
An intermediate result of the data mining algorithm is visualized, from which 
the user retrieves the interesting patterns and then potentially reruns the 
algorithm. One of the basic motivation for this approach is to make the 
algorithmic part independent from an application. A complete data mining 
algorithm can be very useful in a certain domain but may have severe 
drawback in another one. Since there is no data mining algorithm suitable 
for all applications, the core part is performed and serves as multipurpose 
basis for further analysis directed by the user.  
- visualisation of the data (Figure 1c) 
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Data is visualized before any algorithm has been run on it. The user has a 
possibility to control the search completely from the very beginning of the 
process.  
 
Figure 1: Different approaches to Visual Data Mining. 
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3 Invisip Project  
This report describes a research activity carried on in the project INVISIP: 
"Information Visualisation in the Site Planning Process" supported by the 
European Commission, within the Information Society Technology (IST) 
program (IST-2000-29640). The general aim of the project is to create a 
framework to support all involved parties in the site planning process, in 
particular, those issues connected to traffic are considered. A technical 
platform has been provided at the end of the project as an aid to facilitate 
information access and data handling for the site planning process. 
Moreover visualisation techniques have been proposed to improve search 
and analysis tasks, and to facilitate the decision-making process based on 
an existing metadata information system (MIS) for geographic data. 
Different steps are usually involved in site planning process, they can be 
synthesised into the following three main phases: 
·  Data acquisition, where the user searches in the repository for data that 
he needs for the planning task. 
·  Data analysis, where the user applies different analysis instruments in 
order to obtain new data and formulate the planning hypothesis. 
·  Data visualisation, where the user visualises analysis results in order to 
check the planning hypothesis. 
INVISIP aims to provide an integrated tool system to co-ordinate and 
harmonise these different phases. The system will be characterised by three 
main components: 
·  A Metadata Browser which facilitates user interaction and helps planners 
to search for appropriate topic-related geographic data and to visualise 
search results in an intuitive and transparent way. It is characterised by 
mechanisms and information visualisation techniques to support the search 
for appropriate geo-data. 
·  An Analyser which enables users to navigate unfamiliar information 
spaces and to determine semantic relationships between necessary geo-
data. The main part of the Analyser is characterised by analysis instruments 
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used as add-ons for local planning tools. Several visual data mining 
techniques are provided to analyse received data and help users to 
understand data and to recognise semantic relationships between various 
geographic data domains. Later on, an analysis repository will be 
established, which will contain both metadata and original data, e.g. 
guidelines or laws, which will have to be taken into account during the multi-
step planning process. 
·  A Data Integration component consisting of two parts: a data warehouse 
component that builds the interface between planning tools and original geo-
data, and a Metadata Entry Tool to enable geo-data suppliers to describe 
their original data and to enter it into an infrastructure for geo-data, e. g. a 
Metadata Information System on regional, national or European level. 
Based on the infrastructure of a German metadata information system for 
geo-data, InGeo IC [InGeo IC], a personalised metadata browser will be 
established providing search and visualisation functionality enhanced by 
metadata and further 2D/3D information visualisation techniques and 
metaphors such as maps, information landscapes or books and libraries. 
The information system for geo-data provides a semantic network for geo-
data [Göbel, 2001] based on ISO 19115 geographic information – metadata 
as standard to describe geo-spatial data [ISO19115, 2002]. 
One of the most innovative aspects of INVISIP is the development and 
application of information visualisation concepts and mechanisms [Card, 
1999] to improve information retrieval and data mining aspects. 
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4 Analyser  
The Analyser is a set of tools that enables users to navigate in information 
spaces, to select data or links to data sources and to determine 
relationships between them. 
 
The analyser is composed by the following components (Figure 2): 
- Control Unit,  
- the Configurator (for local planning tools) 
- Visual Data Mining (and Metadata Browser). 
 
 
Figure 2: the components of the Analyser within INVISIP framework 
The Control Unit coordinates INVISIP tools: every time the user selects data 
using an INVISIP tool, the Control Unit stores them internally. When the user 
opens a tool during the analysis, the Control Unit passes the data selected 
to the new tool. For example, let us suppose the user is looking for data 
concerning the “Municipality of Genoa” and starts the Metadata Browser. At 
the end of his research, he selects three records and the metadata browser 
stores them in the Control Unit. The next step of the planning process is the 
Visual Data Mining tool: when the Control Unit starts Visual Data Mining 
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tool, the user starts his exploration working on the data selected in the 
Metadata Browser. 
During the analysis, the Control Unit shows to the user the list of the 
selected data and the workflow, that is, the list of tasks he has to complete 
during the site planning process. The workflow is a “template” of a planning 
process defined in INVISIP project. During the planning process, the user 
adds data to the workflow so it may also call “session”. At any moment the 
user can save, stop and repeat the session and the Control Unit updates it. 
 
The Control Unit is composed by two parts; one runs on the browser of the 
user and one of it is on the server. The user interface is composed by a 
Website and by local site planning tools. INVISIP homepage is divided into 
three rectangular cells (frames) named TitleBar, Control_Frame and 
Site_Planning_Frame (or INVISIP frame). The last one shows the Metadata 
Browser tool, the Visual Data Mining tool and all other components involved 
in INVISIP project except the Control Unit (Figure 3). 
 
The Configurator is the component of the Analyser that supports the user 
during the analysis on his local computer.  It connects INVISIP platform to 
specific tools for planning such as worksheets, CAD systems, and so on. In 
fact the Configurator links “online” analysis to “off-line analysis”. The first 
one is the analysis performed by using Visual Data Mining tool and 
Metadata Browser; the second one is the analysis of data using the 
applications installed on local machine. 
The Configurator helps the user to “configure” the analysis. Let us suppose 
the user selects data using INVISIP tools. Once he has the data , he begins 
the analysis that consists in a list of steps to be completed. The Configurator 
gives the possibility of configuring the list of steps and save it. Each analysis 
can be saved and loaded either locally or on the INVISIP database.  
At the end of the off-line analysis, the user can improve INVISIP database 
by sending the description of the obtained results. 
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Figure 3: The Control Unit sides 
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5 VDM Tool 
5.1 VDM for metadata exploration  
Nowadays the metadata concept is used to describe geo-data properties 
[ISO19115, 2002] and the geodata search is performed by exploring their 
metadata. The query refinement process, consisting of a succession of 
queries dynamically built, is used to explore metadata. However, many 
queries may be needed to find the interesting data and the result can be 
not satisfactory. In general, it is very difficult or really unfeasible to slightly 
change a query or express a vague query and the user usually gets no 
feedback except the result set obtained from his query, that is, either less 
data than expected, or more data than expected. Many approaches have 
been proposed to solve this problem and give a better feedback to the user 
query in case of unexpected results or in case of no feedback at all, but 
none of them seems to be completely successful. 
We propose (Figure 4) an exploration approach of geographic metadata 
based on visual data mining ([Keim, 2002a], [Keim et al., 2002b]): it is 
characterised by the integration of multi visualization techniques, interaction 
functionalities and visual data mining concepts. The main idea is that the 
use of multi visualization techniques and a dynamic interaction with them 
helps to discover new information among data and assists the user in the 
mining of the query criteria. 
The first task is characterized by a visualization phase to provide different 
representations of metadata and to show its attributes and values in a 
compact and human understandable way. Different visualisation techniques 
can be applied at the same time. They are classified according to the 
number of attributes that they can display: single attribute and multi 
attribute visualization. Hence, a subset of attributes is selected by the user 
as candidate to express the query constraints. 
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Figure 4: Visualization-based approach 
The visualizations previously displayed are analysed to explore metadata 
and extract knowledge about metadata: single attribute visualizations 
provide knowledge of the available values and quantitative information of 
metadata attributes, whereas multi attribute visualizations provide a 
knowledge on metadata attributes and the existing relationships. 
The exploration task is performed using both interaction functionalities with 
the element displayed in a visualization view, and brushing and linking  
[Keim, 2002a] to combine different visualization methods. 
The result of the exploration task helps the user to choose the subset of 
attributes that has to be used in the query. 
 15 
 
15 di 26 
The criteria are completed and the query is generated. Finally the attribute 
values are graphically selected to express the query and the starting subset 
is reduced. As soon as the query is performed, all of the displayed 
visualizations are updated showing the new set of data. Moreover, if it is 
necessary after a query refinement step, a new step of the process can be 
performed starting from the previous visualizations or activating new 
visualizations. Otherwise, if the results obtained does not satisfy the user 
need, it is possible to delete some performed selections and  returns to an 
“old” set. Note that as the value for each attribute is directly chosen on the 
queries generated by the graphical visualisation, all queries that are 
generated satisfy the property that, given a certain costraint, for each pair 
attribute-value, the set of values is really present in the available data. This  
avoids the empty set as result of the query. 
 
To sum up, VDM provides the following utililities: 
- Exploration of web-catalogue of geo-sellers (and support in data 
choice 
- Metadata analysis through the discover of relationships among 
metadata attributes 
- Increase user awareness about available geodata 
5.2 Components  VDM module  
The VDM tool is designed as a Java applet in order to easily handle web-
based explorations. It consists of three main components: the data 
manager connecting the VDM tool to different resources of metadata, the 
control panel which integrates all components and the visualisation wrapper 
which provides a common template for the different visualisations. The data 
manager handles input and output of data. It is based on a table that 
contains all metadata that can be visualized. The data connection 
implemented is based on ODBC. The VDM tool is therefore open to 
integrate other database managers such as Oracle, SQL server and so on. 
The control panel is the main component of the VDM tool, providing a 
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Graphical User Interface (GUI) as shown in Figure (da inserire). The left 
side of the control panel shows the list of metadata attributes, while the 
right side shows available visualisations. The control panel activates the 
visualisations of selected attributes and manages the general layout of the 
different visualisations. All visualisation techniques are based on the 
visualisation wrapper Java class. It is an abstract class that all 
visualisations extend and provides the interface between the visualisations 
and the control panel, as well as functionalities to draw and to update the 
graphs contained in the wrapper. It is also responsible for the look & feel 
(colours, character fonts, etc.) of all visualisations and for the common 
characteristics such as toolbar and menu.  
The VDM tool is characterised by the visualisation techniques and the 
interaction functionalities.  
The visualisation techniques at present include two different types of 
visualisations: visualisations of one attribute (a pie chart and a histogram) 
and visualisations of multiple attributes (a table and a parallel diagram). 
Other visualisations can be included in the VDM tool in the future. 
A brief description of each of the visualisations follows: 
A pie chart shows the proportional size of values of one chosen attribute. It 
is useful when the user wants to recognise a significant element within the 
attribute. 
A histogram shows the number of objects for each value of the chosen 
attribute. It is useful to recognise the distribution of data objects and  can 
help to identify potentially suspicious objects which can be removed from 
further analysis by appropriate selection. 
A table visualisation allows the user to choose one or several attributes and 
visualise them in a table of values. The columns represent the metadata 
attributes and the rows the data objects. It is not a graphical visualisation 
but is nevertheless useful to display a large number of attributes when data 
reduction has already been performed by previously using some other 
visualisation.  
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A parallel diagram or a parallel coordinates plot maps the attributes of the 
dataset onto vertical axes. Each data object in the dataset is represented 
as a continuous piecewise linear line connecting the axes. The line 
intersects the vertical axes at the points that correspond to its attribute 
values. Since the line representing an object connects different attributes, it 
is necessary to select at least two attributes for a non-trivial plot. Unlike in 
the other visualisations the polygonal lines represent the correlation among 
different attributes rather than one attribute value only. Therefore any user 
can discover the correlation i.e. between the specified cost of a dataset with 
their format and their language.  
The VDM tool has two different kinds of interaction functionality: the 
interaction between a single visualisation and the user and the interaction 
among different visualisations.  
The interaction between a visualisation and the user enables the user to 
explore the content of the visualisation and to extract graphically the 
selected subset of metadata. The possibility of a graphical selection of 
metadata exists in all the visualisation techniques, but varies according to 
the type of each technique.  
It is based on the selection of graphical entities in the visualisation. Each 
graphic entity is linked to the value of the attribute which it represents. 
Graphical entities in question can be angular segments of a pie chart, bars 
of a histogram, rows of a table or lines in a parallel diagram. The values of 
the attributes are shown in the legend next to the visualisation. The user 
can select a desired subset of objects by clicking on the graphical entities 
that represent their attribute values or by choosing one or several values in 
the legend. 
The second kind of interaction helps to discover correlation among graphic 
entities represented in different visualisations. All the visualisations are 
interconnected according to the concept of brushing and linking. Brushing 
is an interactive selection process, while linking connects the selected data 
from the current visualisation to other open visualisations. If the user has 
several different visualisations open (of one type or of more different types) 
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and decides to perform a selection of objects in one of them, the graphical 
entities that represent this selection and correspond to the same subset of 
selected data objects are highlighted in each visualisation, providing a 
mean to evaluate the effect of a selection before performing it, and showing 
at the same time a view of actual data and of those data that we would 
have if we performed the selection. When the selection is performed, all 
other graphical entities disappear from each open visualisation. 
To sum up, VDM provides the following functionalities: 
- Visualization of metadata 
- More views (visualizations) of available data at the same time 
- Interaction with a single visualization 
- Interaction with several visualizations (using Brushing and Linking) 
5.3 Metadata analysis  
In this paragraph we try to analyse which are the main advantages, 
drawbacks and limits when using VDM and Brushing and Linking in order to 
perform a data analysis task.  
 
First of all a visualization-based approach is the main advantage VDM 
takes. When the user needs to analyse a huge amount of data, the use of 
different visualization techniques connected with each other allows an easier 
exploration and a better comprehension of the available data.  
Since metadata exploration corresponds to the exploration of several 
metadata attributes, such an approach considers any visualization as a 
different point of view through which metadata may be seen. So, the user 
may organize metadata according to i.e. the format, rather than the 
language, and so on. 
Secondly the approach provides at a glance both quantitative information, 
using single attributes visualizations, and qualitative information, using multi 
attribute visualizations. Moreover brushing and linking with highlighting lets 
user understand how the views would change, once he had performed a 
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selection. This happens without any data reduction, but only highlighting the 
selected features in all the open visualizations (views). 
 
The main drawback that several testing sessions outlined is the need of 
training VDM and Brushing and Linking require. The tool should be more 
self-instructive or otherwise need guiding instructions (handbook or self 
explaining tools) in order to give the user a good overview and a better 
comprehension of how to explore and find the metadata he/she is looking 
for. 
Nevertheless we are convinced that providing a well-done training session, 
explaining which are the functionalities and the utilities of the tool, how to 
explore metadata, and how to interact with many visualizations at a time, the 
system will be open to different skill level users as it has been designed for. 
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6 Case Study  
Scenario 
Suppose that the user is searching for geographic data related to the 
shopping centre project, dealing with environmental aspects, planning, 
infrastructure and having MapInfo format.  
 
Visualization, Exploration and Query Building 
During the first step of the search, the user opens a Pie Chart on 
Language, a Histogram on Theme, and a Histogram on Format. 
 
Once he clicks on “Italian” in Pie Chart, he realizes that there are many 
records (the highlighted ones - see Figure 5) dealing with “infrastructure” 
and “planning” in the Histogram showing the format of datasets, but very 
few records are related to “environment”.  
Figure 5: Pie Chart on Language, a Histogram on Theme, and a 
Histogram on Format 
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When clicks on “English” in Pie Chart, he realizes that there are many 
datasets dealing with “environment”, but few records than before are 
related to “infrastructure” and “planning”.  
 
Therefore he reduces the datasets according to “Language = “Italian” ” in 
Pie Chart. 
 
The knowledge provided by brushing and linking with highlighting allows 
the user to understand which would be the effects of his selection before 
performing it; moreover, such a technique also allows to have at the same 
time both a view of actual data and a view of the data that he would have 
after the selection. 
 
The visualizations now open are a Histogram on Theme, and a Histogram 
on Format. 
When the user interacts with the Histogram on Theme, by clicking on 
“infrastructure” and “planning”, he immediately realizes that almost all the 
datasets highlighted have MapInfo format, that is, the format he is 
interested in. 
 
Therefore he reduces the datasets according to “Theme = “infrastructure” 
and “planning” ”  in Histogram on Theme. 
 
In order to understand the relationships among the attributes and the 
format of the datasets, he opens a Parallel Coordinates Plot (PCP) on 
Resolution, Spatial resolution type, Theme, Format, and Update frequency. 
So, he may have a qualitative information from the PCP and a quantitative 
information from the Histogram on Format still open. 
 
By clicking on the format MapInfo on PCP (Figure 6), he realizes that the 
records having such a format, have all the possible resolutions, are both 
raster and vector, and , of course, moreover they deal with “infrastructure” 
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and “planning”. Furthermore, from the Histogram he immediately realizes 
that they are 55. 
 
 
Figure 6: PCP on Resolution, Spatial resolution type, Theme, Format, and 
Update frequency 
Therefore he reduces the datasets according to “Format = “MapInfo” in 
PCP. 
 
Since the datasets are still too many, in order to reduce them, the user has 
to consider other attributes that he previously didn’t take into account. 
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So he opens a Parallel Coordinates Plot on Resolution, Theme, Update 
frequency, and Turnaround, and a Histogram on Resolution to have a 
quantitative information. 
 
When he clicks on the resolution “1:500 and larger” in PCP, he realizes that 
the datasets are “irregularly”, “as needed”, and “continually” updated, and 
that they are 31. Then, once he clicks on the resolution “1:500 – 1:5000” in 
PCP, he realizes that the datasets are “monthly”, “as needed”, and 
“annually” updated, and that they are 20. 
 
We can suppose he is interested in the resolution “1:500 – 1:5000”, 
therefore he reduces the datasets according to “Resolution = “1:500 – 
1:5000” in PCP. 
 
Now, since there are still 20 records, they can be easily explored using a 
Table. So, the user opens a Table on Progress, Theme, Update frequency, 
and Distribution media, and finally he may choose i.e. some records having 
a CD ROM as values for the Distribution Media attribute (Figure 7). 
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Figure 7: Table on Progress, Theme, Update frequency, and Distribution 
media 
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